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An Olefin Polymerizati n or C p lymerization Catalyst 

This invention relates an olefin polymerization or 
copolymer ization catalyst; it also relates to a method for 
5 making such a catalyst. 

This sort of catalyst comprises metallocenes of transition 
metals, and is characterized by extremely high activity. The 
catalyst of the invention operates smoothly in both the gas 
phase, e.g. fluid bed, and in slurry polymerizations. The 

10 catalyst can produce high molecular weight polymer at 
temperature and pressure conditions typically found in a 
commercial fluid bed reactor. Moreover, the catalyst can yield 
high bulk density, granular linear low density polyethylene in 
slurry polymerizations without reactor fouling. 

15 The polymer products generally have narrow molecular weight 

distribution, are free of gels, and, for linear low density have 
homogeneous comonomer distribution. Reactor fouling is 
eliminated in both gas phase fluid bed and slurry 
polymerizations . 

20 Polyethylene is produced commercially in a gas phase 

reaction in the absence of solvents by employing selected 

chromium and "titanium-containing catalysts "linder specific 

operating conditions in a ' r f iuid '"-bed 1 process. Polyethylene 
products vof . the... original processes exhibited medium-to-broad 

25 molecular weight distribution. To be commercially useful in the 
gas phase fluid bed process; or slurry reactor" process, 
undertaken at low pressures less than about 1000 psi ~(6.89:MPa) , 
the catalyst .must exhibit high activity, with concomittant higrh 
catalyst 'productivity, because! these process systems do not 

3 0 include • catalyst residue removal ; j procedures . Accordingly , 
catalyst residue in the polymer product must "be" so- small that 
it can be left in the polymer without causing any undue problems 
in the : fabrication , and/or to the ultimate consumer.'; To this 
end, the patent literature is replete with developments of new 

35 catalysts: -....-..-o C-yi - rv > r "^ /; : \ 

The use of metal locene" compounds of transition jmetals as 
catalysts \f or ' polymerization'and copolymerization .of ethylene 
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is one of those developments. Metallocenes can be described by 
:/the empirical formula Cp^^Bp-. - These compounds" in Combination 
. with .methylalumoxane r (MAO) have" been used : to produce olefin 
. -polymers - and copolymers/ -such" -as ethylene and propylene 
5 homopolymers, - l ethylene-buterie arid - e thy lene-hexene copolymers, 
e.g., see US-A-4542199 'arid US-A-4404344. : T 1 

: Aluminoxaries, e.g. methylalumoxane (MAO) / have been used 
as co-catalyst *- with iaetallocene ; ^catalysts." The ' class of 
alumoxanes (used interchangeably hereinafter with "aluminoxane") 
10 comprises oligomeric linear and/or cyclic alky la lumbxanes 
represented by the fofmula: ^a--— - 

. :. _ : : .; R- (Al (R) -O) n -AlR2 f or -oligomeric, 1 linear alumoxanes) and 

15 (-A1 (R) -0-") 'tf for bligbmeric* Cyclic r alumoxane V: "* 

:vj ^wherein :ri ?is a-40;-'preferably^TO-Y67 ,; 'm''"is s 2 -40, : prefer ably 3-20 
--J-, .and R ;is*;a :C 1 -C 8 ' a lkyl~ group" ; ahd ^preferably" 'methyl":^ 

Methylalumoxane >^ is * :T -commonly :s produced ~ " r by r; " reacting 
20 trimethylaluminum with water or with hydrated inorganic salts, 
such as :CuS0 4 . 5H 2 0 -'or- -"Alj (SO^VsH^*. 5 - Methyialumoxane can 'be 
r: .also .'generated dn situ -in polymerization reactbrs by adding to 
r. z I. them trimethylaluminum' "and water or ' water-containing inorganic 
; salts; ;o n^o --q aic-:^ \ .0 r^ssi ~* si e.q^r.;- 

25 ;r; MAO . is admixture of oligomers : with "a very wide distribution 

pc s 

.; r,of molecular 3 weights and ^usually wxth v an average molecular 

weight of about 1200. MAO is typically • kept'* in solution in 
„• toluene. - While the MAO solutions'" remain 5 liquid { at fluid bed 
■; reactor ; .^temperatures , r: the ^ 7 MAO ; itsel f ' c * is I; a ^ solid at room 

30 temperature. .:..:>_. i. ~ - - - 

The slow development of the metallocene catalysts has been 
in part attributable to the alumiriox'ane" -(hereinafter^ used 
interchangeably 'with"" Salumoxane"*)^ " it'* was "discovered that 
- extensive -reactor -fouling results "when MAO solutions are fed 
35 directly into 1 the' gas phase reactor ' in large enough q^ant it les 
to provide this liquid contact with' metallbcerie compound." The 
> : fouliha* : bVcurs because the' MAO solution ^fo'rms a liquid film on 
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~^ the. interior; walls of-, the reactor. Vl The. -catalyst is activated 
. ..when it , comes into contact with this liquid ; film, and the 
activated catalyst reacts vith ethylene to form a polymer 
coating which grows larger in size until the reactor is fouled. 
5 In addition, ...since ^substantially., all. .of the activation 

takes place on the .walls, the MAO is not uniformly, distributed 
to the . catalyst particles. ,The resulting -non-homogeneous 
polymerization .gives . low . .catalyst : activity ; and poor . product 

properties. „ , „ ^^.t^; z ; " 

10 The invention relates to a metallocene catalyst which does 

not require an aluminoxane co-feed to the polymerization 
reactor. . Moreover, the catalyst of the invention. exhibits high 
activity and productivity, in the fluid bed gas phase and slurry 
polymerization and^ copqlymerization of . olefins.; £ A- ) ^ 
15 The problems invoked by the use of an alumoxane, 

methylalumoxane, r in_ : catalyst production aare addressed - by the 
catalyst t of the invention, .which comprises particles :6f ^silica, 
. ^ a transition .metal and -aluminum, r, wherein: .-a/I^I^traH 
\ z: ;lsx elisor. I ba^bv* YWxv ~c rf±Lv ^ax^^Lvri^:l-J ^ 

'.2°.,./.. ^(^) : Therein said silica -is iamorphous, porous, % has 'a pore 
r-r'-** ■- - volume of 0.1 -to 5 cm3/g and has ia ^concentration of 

['[ ... , , silanol^grpups -wherein; the /concentration :of ^silanol 
groups is at least 0.7 mmole per gram of silica; 
.-.^ ( b ) ^ said ..transition t : metal v and ^ said: ^aluminum being 

25 ... .provided .- by ..a ; - .mixtiire..* of a -metallocene and an 

aluioxane; : .and ; . ec.:.: r-jo-:is 

(c) ^ the . total.,. , volume t of said / metallocene arid v said 
. . _ alumoxane is rless than or -.equal to .«thei: total pore 
* % volume of the silica. ■ . ;:r.:: . c:^^ 0i 



30 



Catalyst Composition , rJ * z : .~ : r - - r. - :? r-r^-; nh 

The catalyst „x>f the invention comprise : a u silica. .carrier , 
an alumoxane and at .least . one metallocene. , ; • The , catalyst is 
particulate in f orm, . preferably comprising . dry , free-flowing , 



35 powder particles having a ..particle ..size - of from 0 l; to 500 
microns, more preferably 1 to 250. microns,, and , most preferably 
from 10 to 150 microns. 
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The catalyst which preferably contains only one transition 
r: - .metal in the-form^'of ^the "metaliocene has an activity of T at least 
: about ;*20d -kg -polymer /g : -of - transition ••metalisV :w The Vlurainoxane 
- - and metalldcene loading on the carrier is preferably such that 
■5 the amount 'of - alum the 

aluminoxane, on the carrier ranges from 1 to 40 weight percent, 
: : preferably from :""5'* to 30 wieight "percent/ "and most preferably from 

5 to 15 weight-percent. The optimum MAO loading is in the* range 

of 3 to 15 "mmoies : "per gram : of silica carrier; if a ' silica 
10 carrier is overloaded with MAO ; the 'catalyst activity^ is" lower 
■ and the* catalyst " particles agglomerate with attendant^problems 

of trans~f erring r the : : cataiyst. 1 ~' — ^ 

^ The amount 7 of metallocene on^the T *carr on a 

transition" metal'celemeritai -basis,^ preferably 'ranges" from 001 
15 to :10 weight >perce^ to "0 . 3," and most 

;cz::prieferably ^frbm\:6J05 ^b ^0.2 height :7 perceht: i::j: Accordingly '"the 
r.:;r: ratio of Al:Zr ^(bn^an elemental tfas^isV T in the W 
i from 25 ^to t-ib ; 000 ,s'usuaily within -the range ~of -f rom ^70 "to 980 

but ^ preferably ^ ^f rdmVabbut^ 70 c to^ e 350 or ibo^to^^Vb'^ "an^d most 
2.0 preferably rf rom noo.^to 5200 ^"-^ *' lJ JJ -' lJ - ~"" - 

n"-: ::^ii::-The .carrier -^material --is - preferably solid and -particulate, 
■ > In the most .preferred "embodiment V 1 ^^ silica -in the 

■or.1 -form :of J'spher ical particles^ e g 7, as "Obtained 'fay^ a 'spray-drying 
, .--process; - The carrier >mater'ial ; is" preferably used 'In the form 
25 of . ;a idry ^powder - r having ^ari ^particle ? size" 7 of ' from fc l ; "to 500 
: ; microns, omore preferably -from 1- to 250 ^microns, and most 
- pref eirably: from 10 -microns -to"H50^microhs r particle 4l size^ iJ 

: ::If necessary 7 the " final- catalyst" : ' containing ^ "carrier 

material -iflay "be sieved to insure^ elimination r of v iarge ; catklyst 
30 particles.^.: -Presently, elimination ^of catalyst particles 4 that 

have a particle size of greater than 500 microns s ils r ^envisaged; 

preferably, ^elimination : of particles 'of N greate^*thkn J 250 micron 

: particle size, 'arid, most preferably, elimination 'of particles 

of greater than 150 micron particle size is undertaken. Sieving 
35 of the material is preferably undertaken 'after impregnation of 

the carrier with* 7 the : metallocene 'and the' alumiribxane." ~*This"£s 
* highly desirable^wheri the : cataiyst r coritairis bnly one transition 
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, metal in the form of a metallqcene, which ris^used to form. narrow 
y l molecuiar^ weight LLDPE, ±o, reduce L and/or . : to ^eliminate gels in 
the final polyolef in product and to ; eliminate reactor hot spots, 
' * " thereby to. insure .reactor .continuity, particularly in the ...gas 

5 phase f luid bed process. r[ - ; ; , ^ < - : ; '■-*-■ 

The surface area . of .the carrier ~ preferably .^is ; at- least 
about 3 r m 2 /g, .more, preferably, 5 , to . : 1200 f m /g and most 
. , preferably" at least . about . 50 m 2 /g up to About. 350 m2 /9* The 
pore ^volume of the ..carrier will -range - : from j 0.1 : to :5_:.cm 3 /g, 
10 'preferably, from 0.1 r to ^3.5,.cm 3 /g. . The^ carrier j material ^ should 
' preferably be dry , that is , . free c of .absorbed -water ... ;r 0: 

The carrier material ,must r have -.at ..leasts some active 
^ ^ ^hydroxy l c (OH) , groups to produce jthe catalyst composition of this 
invention. A -,The hydroxy 1 group .concentration .must , be xat? least 
15 about 0.7, mmole/gram -silica. (Preferably j.the vhydroxylcgroup 

, concentration , .is „ greater rthan ~ 0.7 tt mmole /gram, silica; : more 

^nai titio aciY^*^^ c -' ; ■ ^~ 

preferably.it is f at least ; 0. 75 iomole/gram. silica; :?and still more 

preferably,,. it . is at least .0.8 mmole/gram isilica.? : The (preferred 
upper limit for the hydroxyl^ -group ciconcentration:^ is ^215 
^p^mmoles^gram silica. £ In : a >part^ the 
• hydroxy 1 group^ concentration from::!. 6 to 

\ Vt ,^2 .5 mmoles/gram silica . This range • is .favored ;by rlbwer rdrying , 
dehydration and /or* calcination ^temperatures. *The most ^preferred 
^ * n range A is. l.S^to^ 1.9 mmoles^ hydroxy 1 : groups/ gram silica. to c>. 
25_ " The, ^silica , hydroxy! (herein ; silanol> .silica_:hydroxyl is 
used interchangeably) groups t are detectable by. IR '.spectroscopy. 
.^Quantitative . determinant ions. . of the; hydroxy 1. -concentration on 
r silica . are, ..made . by .contacting -a silica -sample 1 with: methyl 
-1 magnesium 1 iodide and -measuring; methane evolution -(by -pressure 
* 30 determination) . ... t-^^^^-V - z z-L-~'.:;~5-i ± x/ *^ 

' . , _ .Dehydration of silica -material - can be : ef f ected by. fheating 
at 100°.C..to, 600°C, preferably- from lSO^C ,to 300®C ; and j most 
7' preferably v at r 25p°p . . P . -.^i T:: . a . J • ±~ 

By comparison, silica, dehydrated at 6pp°Cj..(f or ^about =16 
35 hours) will have a surf ace hydroxyl ..concentration of about 0.7 
" " mmoles ^ per, gram (mmols/g) ,of silica. Silica ^dehydrated : .at ,800°c 
" will be a "silica ^with 0.5 mmole of silica hydroxy per gram 
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silica. The silica of the most preferred embodiment is a high 
surface; area; amorphous silica ir ( surf ace area = -300 m /g; pore 
volume of 1.65 cm /g) , and : it '^is a material marketed under the 
. tradenameis of Davison f 952 or r Davison '955 : by"the Davison Chemical 
5 Division of W. R?-'Grace and Company ♦ As purchased,- the silicas 
are hot dehydrated, but they can be dehydrated prior to ~us~ . 
> The effect' ^of 7 si catalyst 
v;:l .activity and productivity is reflected in the EXAMPLES below. 

; ; The catalyst Synthesis of : "'the - catalyst r of " the invention 
10 ..exhibiting highest 'activity v dictateis that the -silica contain 
hydroxyl "groups^ for * contact : with- :: the~ solution containing 
'aluminoxane and metal locerie, described below r l€ was determined 
:i that i reaction - of : the :r hydroxyl : "groups ; of 3: th£ ^ *silica with 
> i :r .[scavengers*,' 4 ; -'^ such : '-°as ? x j trialkyla luminum * w ' compounds y ""'e.g., 
15 tr imethy lalumihum (TMA) "'reduced t the 0:i activity 'of th^' catalyst 

3 r 

produced thereby compared to a catalyst formed with a silica 
fj;rs having ;hydroxy 1 » groups -unreacted with^'such a "scavenger . Silicas 
containing ^higher hydroxyl-riumbers "pr6duce"catalysts of higher 
activity than silicas of lower hydroxyl numbers; US patent 

- 20 -application No 08/141912 :it^ was 7 shown /that treating' the silica 
.1 ;;withvtr imethy laiuminunT to -react:with f the silariol [which, with 

appropriate molar amount of TMA the hydroxyl concentration is 

- : reduced >to :0 Ji(zero) > c a s "indicated J by • IR "(infrared) ] prior to 
r. :.v :.icatalyst synthesis > ; produced- a v catalyst c with a productivity of 
.-25 r about i2 00 kg (polymer) /g (tranisiti6n^me£ai7 ;V B^ the 

catalysts produce herein with a hydroxy! ' group' 'content "of T.8 
-.mmole/granf- silica h exhibi£s :7 a 1 productivity L " of 3 ' about 1000 

: kg (polymer) /g transition metal*. -* 1 

/ . . : The -Amount '-6f hydroxy! ^groups/ in 'mmoles/gram "silica can 
30 be affected by % the* dehydration ^temperatures used to Condition 
: the silica.'-' Specif ically, r the dehydration temperatures of "about 
600°C reduce the amount of reactive hydroxyl groups^ available 
: : for contact with"' the solution ; of aiuminoxarife and metaXlocene. 

By* comparison, the* 1 Rehydration ^temperatures of ~ about" 250°C 
35 'increase the amount of reactive hydroxyl' groups available f<?r 
- ; - : contact " with "the " so lutiori' of alumindxahV "arid ''metailocene, 




,to 600°C Thus it has, -been: found: that -.the catalyst made with 
\,. f the silica -subjected r to dehydration ^temperatures of;250°C is 
f .more .active ; than a, catalyst produced .with the ; silica subjected 
[ ^ to ^drying temperatures of 600°C. \ a . ^Accordingly ,\ preferred 
5 dehydration .and/or . calcination temperatures are below . 400°C, 
. more preferably, below 300*0, and ^most preferably atabout 250°C 
: ' " \. .To form . the catalyst of . the -invention , all l catalyst 
"~ . components can be dissolvedwith alumoxane and impregnated into 
" 1 y the .carrier^ .Catalyst . preparation JLs .preferably undertaken 
10 . under anhydrous conditions and in the absence of .oxygen. i 

The. carrier material ,can be ^impregnated with alumoxane, 
. preferably methylalumoxane, , in a process described : below. The 
class; jof alumoxanes ^comprises , -oligqmeric ; : linear.vand/or -cyclic 
" . alkylalumoxanes . represented ; by .one ,;pf >-the ^formulae: v.t -2 L 

15 , , - r ~~ i-.u-rt a2 f^r t vdOu^ni too.vbo'z:; 

" v o ( Al (R) rO) n -AlR 2 f or c pligqmeric , u linearccaliimbxaries ;' and 

^l^i ,(TAl(R)rp-) m f or, : oligomer ic « v cyclic: alumoxane err x.o^w 

"V" : .wherein n is -1-40, ,pref erablyilQr20, sm is 3 t40 ^preferably 

31 3.'-' :- * - *- - - l -w*.- - - ^ 

20 ^ , .3-20 o and R is a .C^Cg -alkyl -groupjand ;pref erably methyl. 

- MAO ._is - ,a - mixture :^of ^-oligomers siwith o;a o^very wide 

I *--*» / ^- - 

^ ^distribution of ^molecular ^weights.; and ; usually /with \an .average 
" , molecular J weight : £ of n: about ; c l 2,0 0. : ? MAO, : : ;is. -typically Jkept 2in 
25 % solutipn ^in .toluene. ;t; ^ ! /: v £ xir^iv rtio::^ rio^bo^;; s.T^vIsi 50 

^The /volume of . the ^ .solution comprising ; an alumoxane :;and a 
solvent therefor can vary, depending _on, -the catalyst -sought to 
be . produced. -_..,.._In a .... preferred ^embodiment vi-of r; alumoxane 
in^cqrporation .into. the carrier, pne , 0 f the controlling factors 
30 in U the ^alumoxane ( incorporation into . -the ^carrier .^material 
^ catalyst synthesis ..is .the. pore volume .pf the silica. o ■ In > this 
preferred embodiment, . the . process .- of impregnating .the carrier 
material v is by ..infusion .of ..the alumoxane solution,- without 
forming a slurry of .the^carrier . material, such as silica, ? in the 
35 aiuinoxane . solution^ „ This is undertaken c with : agitation. - The 
" volume of the solution. ^ of A the alumoxane^ is., sufficient, to, fill 
the^ pores - of "the carrier material without forming a slurry in 
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which the volume of the solution exceeds the pore volume of the 
silica; 7 ' '^ accordingly^ the ^maximum" voiiiae" 'of the" "alumoxane 
^solution does not exceed the total Vore volume of the carrier 
: 'material / That 'maximum volume "of the alumoxane solution ensures 
5 that no' slurry of "silica in solvent "is formed irf this step. 

By ' way of example, if the ' pore volume' of ^ the carrier 
material is 1.65 cm 3 /g, then the volume" of alumoxane will be 
equal "to or less ^than 1, 65 cm 3 / g of carrier material . Thus , the 
' maximum ' volume o* solution " (of metallocehe and' alumoxane) will 
10 '^eqiial the total " pore volume of the carrier, " e.g. silica, which 
z " 1 is' the :;> p6re volume' ''~inV* e.g. , cm 3 /g," times the 'total weight of 
^thie ^carrier" used. " ' As a result Vf ' this provision, the 



^impregnated ^carrier material will appear " 'dry immediately 
-following impregnation although the pores of the carrier may be 

; - 3X ro: Howeve^^ carTbe 
up to 30% greater than the total pore Volume of the silica with 
^"the^ the silica" is formed and that 

- -the silica remains dry in appearance. The preferred solvent for 
'20 the - alummoxane, " e;g. methalummoxane, is toluene. The 

- advantage is that -the impregnation is undertaken in a single 
r - zc * : &6ivent system^* — — 

* ~ nE ^Solvent may beT removed from the aiumokanV pores 
; " i ; of the- carrier 1 material^ vacuum or 

'25 "purged c with^ heating '"in ' ah inert ^as/ "su'ch' ^as nitrogen . ^ If 
elevated temperature^is emplbyed^the temperature conditions'in 
* T : this ;0 step v;: are ^controlled ' to reduce, ;: "if bi hot "to ""eliminate, 
; agglomeratibn :: ^"f impregnated '""'carrier ""particles ~" and/ or 
: "'-'croVs linking of : the alumoxane T In this step/ sol vent "can be 
30 'removed by evaporation "effected" at 'relatively^ low elevated 
: temperatures of 'above : about 40 °C arid below about 50 °C to obviate 

- ^ aggibmeration 1 of catalyst^ particles ' and crossiiiikirig "of the 

alumoxane. 'Preferably drying is undertaken at"45°C less for 

~ :: 5 to V hoiirs.' "' : >: ' " ""' ' . ' ..-J 

35 • ' Although solvent can be removed ** by" evaporation at 
; relatively "higher temperate the range 

"above " 40°C and " be 16^' about 50°C, veVy ~ short" heating times 
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1 C 6CheduleV v must tV obviate agglomeratiop^ ; of ..catalyst 

? ~ " particles and \cross linking of the alumoxane,^ of 
^catalyst activity/ ^Accordingly, an r active .catalyst .has been 
" produced at "evaporation temperature of 110 °C (at extremely short 
5 "'heating, times) ^ r can be r undertaken for 

'."'periods "of . 24. hours. J ^ ^ - 7; _ iz>:z.^- :: : 

' " " j> " ? In a" preferred * embodiment , ,the metallocene^is .a^ded ; to the 
'solution" of' the "alum tk^carrier with 

the solution*. Again ' the~ maximum^ volume r .of the aliimoxane 
l ' iq J solution * klso ^containing Jthe metallocene. ( is _.tt*e 3 : tot ^ 1 pore 
i o . : : ^i^q" w Qf the "carrier * material ? sample • The . mole ratio of 
aluminum ~' provided by aluminoxane, ^ . expressed „.as^ .., Al , to 

metallocene metal expressed as,M. (e.g., Zr) , ^.preferably, .ranges 

"""from 50 to 500, more preferably .7 5 r to r 300, .and .nost ..preferably 
15 100 to 200. An added advantage of the^ present, invention is that 
this Al:Zr. ratio. can be directly ^controlled. c ^ ■ aI; 

In a preferred embodiment the. .alumoxane and ^metallocene 
compound are mixed, together ^ at. ambient temper ature^Jfor^O. 1 to 
7 6.6^hours f prior £ to : ^se^^the .infusion % %t^ %ba ^^oljFeait D tox 
° a 20 the metallocene and a: lumoxane can be ^appropriate so a vents, such 
as aromatic hydrocarbons, halogenated aromatic, hydrocarbons, 
ethers, cyclic ethers or esters; , preferably, it,, is 0 toluene. 
* The metallocene compound has .the formula ,Cp m MA n B p xn which 

is^an unsubstituted pr, substituted .cyclop^ 
l 25 M is Virconium ^or^ hafnium / .and ; A . and^.B s .belpng .-.tp ^the^ group 
Yncluding "a^halpgen^atpm, hydrogen ^or : an ; a^yl ,g^oup. - :; In the 
' ^ ; above /f oriiuia *of_,the metallocene compound , j 6 the 0 preferred 
1 " transition metal atom M is .zircpniim.^^In.the ;r ^boye .formula of 
the metallocene ^ s H^^P? e< ?c a 

30 mbno^'W ^/aVVpolysu^ ~FYS lo J???ta&iB^ The 

3 ° VsWstituents^im the ^ cyclqpentadienyl. group n can,. ^be_ prefer ably 
' *; ^st^ight^^ branched "^n^^-Cfi -^f&Y 1 .o&?y$?* m * The 
cyclopentadienyl group "can be also a part of .^bipyclic or a 
tricyclic moiety such as indenyl, tetr.ahydrq^ fluorenyl 
7 35 or a partially hydrogenated^ ^fluorenyl r group, _as. w^ell. as ? .^ part 
" : '"of'a Substituted "'bicyclic. or tricyclic mpie^y . Jn^ the case when 
" ' m in "the above formula^ of the metallocene compound is equal to 
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2, the cyclopentadi nyl K groups can be also bridged by 
, : polymethylen or dialkylsilane groups, such as -CH 2 -, ;-CH 2 -CH 2 -, 
. -CR'R"- and -CR / R ,I -CR'R 11 - where R' and R" are short alkyl groups 
-or hydrogen, -Si(CH 3 ) 2 -y Si(CH 3 ) 2 -CH 2 - CH 2 -Si(CH 3 ) 2 - and similar 
5 - bridge groups. If the A and B substituents in the above 'formula 
: of the metallocene compound are halogen atoms/ they belong to 
the group of • fluorine/ chlorine, bromine' or iodine. ^ If the 
substituents A and B in the above formula of the metallocene 
compound are alkyl groups, ; they are preferably straight-chain 
10 or branched C X -C Q alkyl groups, such as methyl, ethyl; n-propyl, 
isopropyl, n-butyl f isobutyl, -n-pentyl, "n-hexyl or h-octyl. ; 

Suitable ^metallocene > -compounds include 
bis (cyclopentadienyl) metal dihalides/ bis (cyclopentadienyl) metal 
hydridohalides, bis (cyclopentadienyl) metal monoalkyl 
15 rmonohalides I:r bis (cyclopentadienyl) metal _^xdialkyls ~\ and 

bis (indenyl) metal dihalides wherein the metal is/czircpniumlor 
. : hafnium, :L halidej groups , ; are.: : preferably; chlorine and the alkyl 
r groups are C a -C 6 -alkyls. Illustrative, but non-limiting ^examples 
»■ of ;i ) rmetallqcenesjj: r include j r rbis (cyclopentadienyl) zirconium 
20 : d ichlor ide , L i rbis (cyclopentadienyl) hafnium , -cidichlbride, 
; : .bis.(cyclo.pe n t a d i e n y.l) z i r c o n i urn : ;>I\d i m e th y -1 , 
: ~b i.s ( .c y.c 1 o p e n.t a d i e n y l ) h a f n"i u m :^~d i m e t h y 1 , 
; bis (cyclopentadienyl) zirconium , i hydr idochlbr ide , 
bis (cyclopentadienyl) hafnium : r/::;hydridochl6ride f J ^bis(n- 
25 ibutylcyclopentadienyl) zirconium rz jrdich.l6ride;ovi,bis (n- 
..r-^butylcyclopentadienyl) hafnium -dichloride,;^" ~^bis (n- 
butylcyclopentadienyl) zirconium ^cccdittethylV^^'-b'is (n- 
buty 1 cyclopentadienyl) hafnium dimethyl^ bis (n- 
butylcycldpentadienyl) zirconium ^ hydridochloride;^ ^- ; bis (n- 
30 buty Icyclopentadieny 1 ) hafnium-- hydr idochlor ide , 
bis (pentamethylcyclopentadienyl) zirconium ^2 dichldride, 
bis (pentamethylcyclopentadienyl) hafnium? -/ dichloride ?*-'bis (n- 
::: buty Icyclopentadieny 1) zirconium bichloride/ cyclopentaHienyl- 
zirconium trichloride, 'bis (indenyl) zirconium ^dichldride, 
35 -bis (4,5,6 , 7-tetrahydro-l-indenyl) zirconium dichloride', 7 and 
; ethylene- [bis (4, 5, 6 ,7- tetrahydro-l-indenyl) ]~ ■'•■-'^ -zirconium 
vdichloride. '< The . 'metallocene ^compounds" -utilized -within the 
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b ■*» ib i rl o £ jt> ■*- ■. ~ ^ ~ ~ - c v. f ^* \ v ri .*> i" .c s hjs- i l l O V r; -3 3 . ^ 
-.Ho -embodiment of this art :can :be£ used (as - .crystalline solids, as 
^absolutions; in aromatic hydrocarbons -or; in: a supported form. 
2 iai z t n uThese catalysts are . effective -to ;;.f prm unif orm blocks of 
alpha ..olefins. of 3 to .10 ..carbon atoms,- in a polymer /containing 
5 ; a predominant amount of polymerized ethylene. .These catalysts 
-> are /unique in that they do form uniform blocks of -alpha olefins 
; :Of ;3 .to .10 carbon atoms, .in a polymer containing a predominant 
^iio amount ; of polymerized , ethylene, in processes '- .run at low 
: pressures , up to,-: specifically no greater -than,v:400 psi (2.8 
10. ,MPa) , at temperatures up to 130 °C. - i; > :.-rj r ..z-e. / v- vq r.: 
-j r /: • These catalysts exhibit clong catalyst life, -high activity 
^ — ri t and productivity , r and produce :high :bulk ^density - products . 
V>I^Cu^ .IZ-J^ (;v.-siCo U7! 3 ".13 1 ) a ~- . — ^''obir '>'•:* 

cv;; Conditions for -the -- polymerization i'and copoly mer izat ion ^of 
-.15 / ethylene ;! L^n mrls -is^a-ta se^AIffrfio izten Mvnei^.c ; aid 
v:-;ir> z-:rs The process^ of "cthe*: invention - may ? be'^undertaken 5 in gas 
sj^iphase/^inifluid bed gas phase; -or in" Ys lurry;;"' The catalyst of 
ulnc\tha invention exhibits aong catalyst life^ The- catalyst^ r of the 
a ex invention, callows (for sthe j production* iof linear *a6w Vdensity 
120 ^.polyethylene ; in ;the: gas : phase or- SLn :a^ slurry- polymerization 
: v without :reactor /fouling.; IWith respect -to the slurry 'operation 
o h i to :produce. LLDPE , particulate linear hlow density ^polyethylene 
} ,2 i is produced fin cthe slurry reactor :and : is .not swollen t (by the 
r r- a.: solvent) . . -.The products from ,both;the gas :phase :(e.g; C fluid bed) 
:: 25 ; and slurry ;have .a :high bulk density V^.which allows^ for increased 
: . > .-throughput ;of : product per . weight ;of : catalyst : : n v ~ v ~ r w ci 

; : r . Preferably,'-, the : polymerizations (copolymer ization) is 
t i . . . undertaken ;at a ^temperature and/or .pressure :below ;the* sintering 
■ temperature : : of : the -polymer : particles, ;; -Most i preferably, :the 
-30 process is undertaken in -the if luid bed gas phase :or >in :a . slurry 
. ; reactor rj ? The /high activity. of r-the ^catalysts -herein -allow for 
v o ef f icacepus low. : pressure . fluid -bed / gas ;;. phase land/or j.slurry 
^process product production. - Much lower activity .-.catalysts than 
those described herein ;may ;; be : employed ^:in , high ; pressure 
- -35 processes ^ ^ at pressures .which ^ exceed 400 psi; i(2i 8 MPa) , such as 
solution , ; and . high ^ pressure -slurry ^ -polymerizations i :.ic;For the 
production of ethylene copolymers in the process of the present 
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invention an operating temperature of about 30°C to 115°C is 
preferred, and a temperature of about 70 °C to 106° C is most 
preferred." "Teinperatiires of about 75 °C to 90°C are used to 
• prepare * products having a density of about 0.91 to" 0 . 92 , and 
5 temperatures of about 80°C to 100°C are used to prepare products 

- having a "density "of 7 about 0.92 to 0.94,' and temperatures of 
■ about : 90 b C -to ;, il5°C are : used 'to : prepare products v having a 
' -density of about 0^94 to 0.96. - - * , - J 

; *- Iri r the "'gas phase/ linear low J density 'production is 
10 "conducted at about 85 °C and high density product is" ^formed at 
about 105°C. In slurry polymerization, linear low' density 
production is conducted at about 70°C and high density 
production is conducted at about 90°C.' \- - v --- : ' — 
:*v , r^i^iri^pol^eHzatibns" described here in ^pressures are below 
15 10000 ■' : psi' CT X69"- : OTa) v c ' preferably "below :: i6o6 psi 3 (6:'9 MPa) . The 
fluid bed reactor is operated *at pressures r of up tV about **1000 
vipsi?(6. c 9 MPa) /^'arid is* preferably s o^ of from 

-about 150 -to v 350 v psP ^1. b' f W ; 2.4"MiPa) ; with :c operatibn q at the 
" ^higher^pressures^in ■ such 0 ranges fWouririg heat transfei: since 
20 " an increase^ in* pressure increases the unit volume 1b r eat J Capacity 
-'■■of -the gas.'- — — . v v . 

7; :io 'The partially x>r completely" activated 'catalyst: is injected 
^ into^the^bed at" appoint - a^ a rate 

- - equal r tb~ its' '-consumptibh,^ ' : Since r the r catalysts x "used "in the 
25 present' -invention - are highly 'VctivieV' "^injebtion of ' the fully 
; --activated * catalyst" into r the 'area 1 "below ~ T ttie" distribution plate 
' ~may cause polymer izatibn" to begin there and eventually cause 
■plugging of the distribution 'plate. ' Instead; Injection "into the 
bed aids" % iri distributing the catalyst' throughout ' the bed and 
30 precludes the *f ormatibn ~of localized spots oi high" catalyst 

- -concentration. r ' ----^ -■• ■• - " 

The production rate' of polymer in the bed is controlled by 

the rate of catalyst injection. Since any change "in" the rate 
-of catalyst injection changes the rate of generation of the heat 
35 of reaction; the temperature of the recycle gas^ is * adjusted to 
: 'accoimbdate th§ ' change in : irate of heat' generation^ '"complete 
" instrumentation "of botli 'the fluidized bed *and 'the 'recycle gas 
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r> " ? Woo 1 ing" ' system " is , " of ' course / ' necessary" to detect any 
'"temperature change^in, the. b?d so* as to enable the operator to 
/make/ a suitable", adjustment , in . the temperature . of the recycle 

„ ( 5 ..I. _ Since the rate of heat generation is directly . related to 
..... product formation, .a measurement, of the^ temperature rise of the 
gas across ' the reactor (the dif ference.. -between : inlet gas 
temperature and ; exit gas temperature) is determinative of the 
rate of particulate . polymer . formation, .at; . a ? constant . gas 
10 'Velocity. . 

The "Fluid Bed Reactor . j-,...,^ ;;3 ^ — ^r.co 

Reference is^now made. to ^ the, accompany ing -drawing, which 
// is ,a schematic .drawing ..of^a^ fluid bed ^reactor »f or ^gas phase 
15 polymerization of ..ethylene. - y -OvC^^-r: ssci biuJlx 

A fluidized bed .reaction system which -can bemused -in the 
"practice of -the process of . the present ^invention is~,shown in 
-t . o Jig. w> l. + -With reference thereto,^ of a 

V" reaction zone „12, ,.a. .velocity, .reduction > zone^!^ ;and o $£he 
20 distributor plate 20. Although fouling can occur> in^alljof the 

.cold areas .(areas in ,a .reactor T . at. a .temperature r.which is less 

■*i x, r n. J. «s x * > j ~ - ~ - ~ • - -* - : J - - ^ ■ -* - ~* 

than the temperature at which any . components ,^in^the a gas phase 

r/::' s ^;>/.wj. uw5.-.-,.^..;>- ~ * ■ - - - 

.reactor^is.liguid rather .than gaseous) ^distributor 

/ is. v the one/most . ..easily- detected, since c it -results ^in -a rapid 

25 increase in the pressure .drop , across the distributor: plate due 

to,, f low restriction. „ Such ,.flow^ restrictions -also result in 

changing ^fluidization patterns .and .contribute^ wall 

fouling.. ^ The ^lowest temperature An the reactor loop is^in the 

reactor inlet beneath . the distributor^ areas 

30 representing the coldest sections in the . ,..f luid^bed-^-reactor 

system include the cooler ^ and piping, between the copier and the 

bottOTi^head. _ ^ ^ v -.- :--r 4 - : ; : T :r: on^ 

"The reaction zone 12 comprises ..a ..bed .of . .growing .polymer 
particles and a minor amount of catalyst particles fluidized by 
3 5 " the' continuous flow of polymer izable . and . modifying . : gaseous 
" ^components "//.To ,maintain f ,a .viable .fluidized : bed^ 7: the r mass gas 
flow rate through^ the bed must be above the minimum flow 
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required for f luidization, and preferably from about 1.5 to 
: r : : abou€ ib : times v Gmf~ : a^^ to about 6 

times "Gmf.- r Gmf is" used in the 'accepted form as the" abbreviation 
for the minimum mass 'gas v f low required to achieve fluidization 
5 ( see : C . " Y ; ' Wen ' and " Y ; E ; ; Yu , : ' : "Mechanics v of " Fluldi zat ion" , 
' Chemical Enginee r ina Progress Symposium Series . Vol. 62 ^ p. 100- 
in (1966) )~: : ^° i-.-r.-i- - - ::: : — ::ro - v;v 

* " ' The distribution plate 20 serves the purpose" of "diffusing 
recycle' gats through^the^ bed at a riate "sufficient to* maintain 
lb fluidization at the base : of the bed • Fluidization' is 'achieved 
- - by a high rate of gas recycle to and through^'the bed," typically 
in the order of about 50 "times th^ rate of feed of make-up gas. 
; i: "Make-up gas ~is fed "to "the v bed at aerate equal * : to the rate at 
--which particulate polymer 'product * is formed by "reaction. The 
15 0 composition of -the make-up *gas is determined by "a' gas" analyzer 
"■s:o^i6 positioned above the bed. ; The composition of "the make-up gas 
is "continuously Adjusted to" ma^int¥in^a 'steady state 

'-^gaseous" cdm^sition^witM oasj-u^ 

The portion of the gas Stream"' which' does" not ^reabt in the 
20 "bed -(the "recycle ^asj-paWses a : velocity 'reductilm^one 14 where 

- r : entrained -part icleV aire "given -"an ^opportunity %o ^drop back' "into 

- the "bed ^-through' ^a cyclone^ 22? through a c ¥ilter^24^ 

- - • ^arid is -compressed ^in"^ compressor 1 2 5 ; J "passes 'through* a heat 

exchanger 26 and is returned to €hi b¥d'/ r ^he distribution plate 
25 * 20 -serves r the^'- recycle °gas 7 through v the bed 

: v at r a"-fate T; Buiificrent to 'maintain^ f luiii^ may 
be a screen, slotted plate, perf orated" plate,* 'a Opiate of the 
■^-•-bubble c cap t^e; n and : the like.' " The' Elements of "the plate may 
- all' be" stationary,^ the^molDile type 

30 disclosied r in ' : US-A-3298792 ; • - cr : ^ ' ^ - - : ° — ^-—^ — - ^ . 

; : ; . Glider a given set 'of operating coriditionsV'tfie fiuidized 
bed ~' :, 'is"~Triaihtained at ^ essentially " a ' ^constant " "height by 
withdrawing a portion "of the bed as product °at aerate "equal to 
: the 'rate of formation "of "the particulate "polymer product. 



35 



The polymerization and copolvmerization products 
- - - Both' low" density ' (0.'9i "to ; 6.939 'g/cm 3 )' and h'igh'^density 
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(0.94 to~0.965 .g/cm 3 and above) .products with high bulk density, 
"~.lov " (hexane) „, „extractables . and .. granular ,. ? morphology can be 
i. , , l . prepared in. the slurry or gas phase reactor with no fouling. The 
7 ' resin produced has a . high molecular, ^weight, narrow molecular 
5 weight* . distribution/.,, and homogeneous .branching [. distribution. 

The catalyst ash l" contains smail amounts of Zr. and Al, e.g. , less 
_ than l.ppm.Zr and 40 ppm Al. .The high_ activity of ^the catalysts 
" \ ^']pi".t&9SMv£*i° n -which .also , exhibit , long .catalyst .life and 
... ;J -- ' pJ .^ u ^ high " ^ products are signif icant factors in 

^10 'the" uneimected "eff icacy of these,, catalysts .. in catalytic 

"■■•polymerizations and copolymerizations of .olefins. :W : , : > 
" p *\ J 'Ethylene polymers, , as. well as ^copolymers of .ethylene with 
^ V ' h 'one^pr^ore'S b ® .P^H c ® d ., i .?j?5?P ordance 

*"'!.-..- J with "the : invention • Thus copolymers haying two jmonomeric jonits 
is ' are "possible >as „ .well as , terpolymers .having ^three^ mpnomeric 
units. . Particular, examples t of. such polymers LiXnclude^ethylene/ l- 
butene copolymers ,, : ethylene/ 1-hexene. cqpqlymers. and; ethylene/ 4- 

. methyl-lrpentene, copolymers. , r:r? ito iioi^oq sriT 
or*:; nx ^^£3^i ;vi! r ^»^w — - — - - — , . 

Since the catalyst , is .effective .to > f incorporate jjcpmonpmer 

,20^in a. regular .jt^^ ;may r cpntaij^ 
^product,. of alpha, olef ins of J -3^tp^.lp J carbon ^atoms^in^the resin 
I ' " ^ backbone • ^. 3 ..These ^blqcks^will^ consist .essentially qf-dimers, 
TV* /Vpli9°™ ers /b Poiy^efSj t?dmixtures : thereof ^ ^B.ecause... of the 

VrTexcellent, ,.,comonqmer „ incorporation .^pf^- the r -catalyst o and ^ the 
°" 2V Jpran^ signif icant -amount pf hexene 

saving can be achieved. .^^ t^-C~Li : i ^nas'xos s 

" ^ and.ethylene/l-hexei>e copplymersjare the 

J i mpst^ °_ f .:? nd with 

e * Vhe catalyst of this invention . £ The ^ethy JLene ^cppol^ers ..produced 
3.0 in accordance .with contain at 

^ 1 '] : least 1 abcmt^ 80^ peipent^by~ ^yeight t ot .^hyiene, ^units. The 
' (Z 'cocataiyst _of this invention ^^can ^lso be. .used . . with .the j-catalyst 
: " ' 1 precursor Vof V.^ ,pplymeri2e .propylene ,and other 

' ^alpha-olef ins and to "copolymerize them. The structure of alpha- 
35 olefin polymers prepared ,.with. q the .cpcatalyst ^nd^the .catalyst 
.precursorr^^th^ the. structure of the 

to the metal atom in the 
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catalyst precursor molecule. The cocatalyst compositions of this 
1 --Invention can" also be* used ' with the r cataYyst "precu^ this 
invention" to polymerize 'cycloolef ins such as cyclopentene. 
" Hydrogen' may - be used as ' a chain transfer agent in the 
5 polymerization "reaction :'of the present invention. " The ratio of 
hydrogen/ethylene employed "will vary between about 0 to about 
2 .0 moles of : hydrbgen pikr mole of ethylene in the gas phase. 
Any gas inert to the catalyst and reactarits can also be present 
in the gas stream. 
10 In one embodiment; : the catalyst of the invention exhibits 

: high -activity for "polymerization of ethylene and higher^ alpha - 
v olefins * and * allows ; the synthesis' of "ethylene polymers and 
: ' copolymers * * "with * 3 * *a "* relatively ' : "narrow molecular : ~ weight 
distribution and homogeneous 'branching distribution. The 
15 molecular weight distribution is determined as MFR which ranges 
from 15 to 25, in polymerizations of the" invention 7~~ Branching 
^distribution - in -ethylene copolymers is "evaluated on the basis 
•zz z of - the' ; resin ' s c meltirig point V Relatively : hombgene bus' branching 
' redistribution is" 1 one' which the melting"' point' ranges" from 100°C 
20 to"- 12 0°"C /^'depending "'^-oh'^^coiohomer^ 'composition 3 .' J '" fc " in this 
'-i embodiment ; b -"the -catalyst r bf [ the" invention ^cohtains ^oiily" "one 
7::^! source* of ^transit " 
. :,■ r r- l>ParticulWly'/ ; th¥' copolymer l pr^ 2 ppm 

of Zr. The product has an average particle size of 6.015-0,035 
25^ihches* r ^0?38~ :: t6"*6789 'mm) / settled ' bulk "density' 'from 25 to 36 
lb/ ft 3 -(400 to 577 " kg/m 3 )". 3 fI The J J particles~ of ° v proi^t" are 
~ spherical. -The narrow Molecular weight distribution low density 
copolymers have been : produced °with " MI 'of between 1 "arid 0.01. 
The low density products of : the invehtion" exhibit a MI^ which can 
30 "range : f rom r ' b.Ol" r to' S) L preferably "from 0. 5 to" A, ^ and most 
■ : preiferably 0^8 to '2.0."* The' low "'density produces of the 
invention exhibit a melt flow ratio (MFR) of lVto 25 preferably 
from 1 14 to 20; products with MFR ranging from "16 Vo 18 have been 
- made; MFR r is the ratio^I21/I2 [wherejLri"I21 is measured at .190° C] 
35 in accordance with ASTM^ b-12 38 / Cbndition F , arid 12 ~is~ measured 
in accordance with ASTM b-123 8 Condition *E]7 "When fabricated 
: into films; "the films 1 of the" copolymers exhibit balanced tear 
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strVngthT as measured by ASTM D-1922., Furthermore .the LLDPE of 
the invention .exhibits . Dart Drop, Impact values .as measured by 
ASTM D-1709 of greater than 800. ..,The products of r the catalysis 
with" the catalyst of the invention can .be r used ; as films which 
5 are substantially fr^ very low haze 

valued as measured by ASTM D-1003 , ^preferably in ; the range of 



1 3 to 10, more preferably from 5 to .7 r , r ., .. . :r . r ; , > ; ^ :r v : . 

EXAMPLES . .„ : .r 
10 MAO (methaiuminoxane) is commercially available from Ethyl 
1 ' " clieinical' and WITCO " (previously Sphering Berlin) as .10- weight 
s ^percent and 30 "weight percent solutions, ^.which were the sources 
of MAO used % in the Examples . . ^ . t ... v . •. - .,. v 70 , . ; .. 

"15 Catalyst Preparation^ a: ^ 0 >i,^.>-^/r cq - ; h .as oj 2 r. coii. 
n " :aJX (A) 493g "of silica (Davison ,355) r ..dehydrated^ at;^ 50 tC , was 
reacted with a -solution of ^6 .986 ---g^of * r (n-butylCp) 2 ZrCl 2 
dissolved in 670 grams - of MAO in.. toluene. L : 6as ;L e volution was 

observed. The MAO solution contained ; 13. 7^ yt% : Al.:r The Al/Zr 

i _rf ~J ni ..nOiJi^:.; q j . ..• j. ^ ; u - * * - ~- • • - v - 

20 r ratio .was_200_:i^ N 2 at 

"~45°C for 5 hours, ..and „was jsiev^ 
^ than 150^ microns . r The . f catalyst contained ^9. 2 , wt% rAl and 0 . 17 

(B) ^ 514g ,of_silica ,, (Davison 955) , sdehydrated^atj^pOfJC^^ 
* 25\ react^ of ^7.272 rc g -of." (n-butylCp) 2 ZrCl 2 

' ^ dissolved in * 685. g*. .of . MA0 ; „in . r toluene. or Gas ^ evolution was 
" " "observ^^^T^ MAO . solution .^contained ^ Al/2r 
ratio, was. 200:1 N 2 at 
4 5 °6 ' f or *5 hours , and . was .then ...sieved -uto : .remove .any ^particles 
" 30 "larger than 150. microns... The catalyst contained. 11. p^w^^Al and 

' } (C) " 475g " of silica, 'payison s ?55) , . dehydrated ; at r 600?^, was 
31 siurried in isopentane and .was v then treated with, -510^ r cm 3 of a 
" TMA solution (1«4M) . ."After all the .TMA solution .was . added /3 the 
' 35' "slurry "was dried to a fine ^free-flowing white .powder. aTo this 
" ~ white powder , /a solution pf^6. 727 -.grans of (nTbutylCp) 2 ZrCl 2 and 
" "627 "grams" of MAO i^i toluene was added slowly to the slurry. The 
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MAO solution was 14.1 wt% Al. The Al(in MAO)/2r ratio was 
■ - 200:1. ' The catalyst Ws r dri d under' flowing N 2 at 58°C for 12 
/ hours/ and was then sieved to remove any particles larger than 
• 150 microns. The catalyst was designated RV-92-91 and contained 
5* 11.60 wt% Al and 0.18 Zr'/ ;V • — • : 

(D) 486g of silica (PQ 988) f dehydrated at 600°C, was slurried 
. in : isopenVahe : arid " : was - then " treated* with 517 : cm 3 of a TMA 
■ solution" ■■-( 1.4M) . * After all the TMA "solution 'was~ added, the 
slurry* was dried to a "fine free-flowing white powder. To this 
10 white powder, a solution of 6; 90 grams of (n-butyicp) 2ZrCl 2 and 
. 650 grams 1 of * MAO r in toluene : was added. * : * The " MAO "solution 
■ ■ - contained 14 . i : wt% Al'.^The : A1 ( in MAO) /Zr ratio was 200: 1. The 
catalyst- wasMried'under 1 flowing N 2 "at' : 45 0 C 'f or r 5 hours/ahd was 
then sieved to remove any particles larger than J "150 microns. 
15 The"; ^catalyst'-cohtained '14L15 : wt* : Ai and : 0. : 22"wt% Zr . ^' 

: (E) I _539g~6f silica r (PQ 988) >- : dehydrated at 606"°C, J was n slurried 
: in ^Isopentane and 0 was then 0 treated with 573 "cm 3 °'oi''^a TMA 
: . lAsoliitioh' (i;4M) Aft^r^-all r the''*'"TMA solution was v aSde3, the 
- slurry " was dried ^tb'^ a -f ine r free-f lowing white f: pdWder^; r ^ To this 
20 i white :powder;^ 2500 cm* 5 of toluene was added to form 'a slurry and 
; ...a solution u bf -7il03 grams^of : "(n-butylCp)^rCl2 r and "7T8 v;> grams ^of 
MAO in toluene was added slowly to the slufryV" w ^Th'e MAO 
yj .solution was r a3;2'^wt% AlV^ The : Al (in -MAO) /Zr 'xatio 'was J 200 : 1 . 
.; . ". The catalyst was -dried under flowing -N 2 at 60°C f or T 24 ~ J hours, 
25 .and .was" then sieved -to* remove h 'any* particles c larger ^ttian 150 
: \ : ^microns . ^ The catalyst ^contained 13 .To vt% APand ' r o\'2Q x wt% Zr. 
(F) * 532g 'of -silica (Davison c 955) 606 o C, was 

^reacted with - : a ; - solution r * : of 7 .534 i; g p 6f " : (n-bu^^ 
dissolved* - in "3 65 v g -of ; MAO T in toluene . : J bas Revolution was 
30 observed. - -The 7 MAO -solution - contained 14. 1 1 wt% ' Air 0 The°Al/Zr 
: > ratio was : 100:1 i: The" catalyst waV dried under flowing : N 2 Jv at 
-45°C for 5 hours,- ^and^was : then sieved^tb 'remove "any "particles 
larger than 150 microns-. The catalyst contained 6.77 wt% Al and 

35 (G) : '497g of silica ? (Davison 955) , dehydrated at* 6ob°C, was 
reacted ° with a ^solution : of 3 . 540 g ' of Jn-butylCpV 2 Zr Cl 2 
" dissolved In 650' g' of 'MAO in toluene. J ~Gks evolution was 



WO 95/11263 PCT/US94/07232 

- 19 - . 

^observed, .. : ,;The MAO solution, contained -14 .1 : >^%.:A1 V ; The Al/Zr 
. . .ratio was 400:1. . The catalyst , was : dried -under, /flowing. N 2 at 
, 45°C for, 5. hours, and .was .then sieved to ^remove any, : particles 
larger than 150 microns. The .catalyst contained 9.85 wt% Al^and 

. 5 .0 . 09 Wt% - 2r v . , . . % . • 3 " - 2 :* - "< '=> : ; * 

(H) 499g of silica (Davison .955) , dehydrated ,at >600 o C, was 
reacted 7 with : a . solution , of s 3.533, g of. ,(n-butylCp) 2 ZrCl 2 
dissolved „ in . 3 3 5 . g . of MAO . * in toluene . -Gas 5 evolution was 
observed* .. The MAO solution contained 14 .1 wt% : Al. ,.-The ; Al/Zr 

10 ratio, was, 200:1. , The catalyst was dried under -flowing. N 2 at 
45* C for. 5 hours, and was then sieved to remove ^any, particles 
... larger rr than ,150 microns . The .catalyst ^contained ; 5 . ?6:wt% ;A1 and 
.;^. r 0. i 10 0 yt% £: .Zr J ^ ryzz r a* v-;:^ r.vc.^): t^vzii nsdJ" 

(I) 493g , of -.silica (Davison : 955) , i; dehy(^,ated_iat ^600*0, cwas 
15 , reacted -with a solution of -13.972 i: g;iof ^(n-butylCp) 2 ZrCl 2 
„ r .dissolved r in 674., g^qf UlttO.-j.iij toluene.- s Gas -<eyplution was 

observed v „The MAO solution contained 13.7,;Wt% ; Al>i^The : Al/Zr 
. t ratio, was .200:1. ,.The. catalyst - was ^dr ied >under^f lowing 2 N 2 at 
45°C for ^5 .hours, , : and .was . then - sieved to} remove ; anyi.particles 
2 0 ;t , larger- than 150 microns vo The catalyst contained i9 ; 46 iwt% :A1 and 

■ OO'W 5v 5 P?? - of ^l s ili? a r,.X D ?yispn 955) f ^dehydrated atx600°C, was 
. rur reacted, with -a ^solution : qfv.-7> 112 -:g a of i(n-butylCp) 2 ZrCl 2 
dissolved, >• in ^ 667 ^g . of ..MAO ^ in. toluene .\ 'd Gas i evolution ewas 
25 observed., ^^The MAp ^solution ^cqnta_ined:13.7 .wt% Al. -oThe^Al/Zr 
ratio was .-20 0^: 1 . .The .catalyst v was dried : under.-j flowing ) N 2 at 
, .. 45*0 .for -^5 .hours, ; , and was then sieved -to,, remove any rparticles 
larger than, 150 microns. The catalyst, was ^further* reacted with 
, absolution of 4. 079 g pf . (n-butylCp) 2 ZrCl 2 ; dissolved in :4 07 g of 
30 MAO in -toluene. ; M .,The catalyst was again dried -under N 2 ?at 45°C 
\ for .,5 hours. The .catalyst .contained 42. 85 . L wt% -Al : -and.>0£25 wt% 

(K) 505g of silica (Davison 955), dehydrated^ at ,250/ C, was 
reacted^ with -t a t solution of 7 .14 8 ^g - of ^ (n-butylCp) 2 ZrCl 2 
~35 dissolved in ,698 g . of .MAO .. in ..toluene. , Gas . evolution was 



"bbservedi JThe MAO^ solution contained. A3. 7 wt% Al. .- 0 The:. Al/Zr 
raViV was 200:1. ^The catalyst was dried under flowing N 2 at 
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45°C for 5 hours, and was th n si ved to remove any particles 
' —larger : than 150 micr nsV- : ' > ' — 

: *(L) 483g of silica (Davison 952-1836) ^dehydrated at 250*0, was 
reacted with "a solution* of 6.710 g" of bis(tetratiydroindenyl) 
5 zirconium dichloride' dissolved in 655 g of MAO in toluene. Gas 
evolution was observed. The MAO solution contained 13.7 wt% Al. 
• The Al/Zr ratibwas 200: i. The catalyst was dried under flowing 
N 2 - at 45°C for 5 hours, * and was then' sieved * to " remove any 
particles 'larger than ^150 microns . 
io : ;;: ' ; * : ' ~ 

Slurry Polymerization L - ; - 

Polymerization was conducted in a 2 liter slurry reactor. 
One liter polymerization grade heptane,. 100 cm 3 1-hexene, and 
2 cm 3 tri-isobutyl aluminum (TIBA, 25 wt% in heptane) were added 
15 to the reactor at room temperature; The reactor contents were 
then agitated at 900 rpih and heated up to : 70°C. Ethylene was 
then added; to maintain "a constant * pressure - of 125 psig (0.86 
MPa) in the reactor. About 80 to 120 mg of 'a' catalyst from the 
examples was injected into the reactor. Results are shown in 
20 -'Table' 1," 2 *and"3 ^ ; ( located at the' fendT of r the : description) . 

r/svlrf.Tablfe'* £ * S hbwS~- -that ~ 'catalyst A)' 1 * is ^^V^SKSt 1 active 
catalyst. Catalyst (A) uses* a Davison 955^silica 4 dehydrated at 
' .250°c and therefore has the' most reactive surf ace with 1.8 mmole 
^: '--i hydroxy group per' r gram f 6f silica/- Ca'taiyst (B) "is" the second 
25 i most • active using Davison -955 silica ^ ; dehy^drated *'at *6o6 °C with 
0^72 mmole of hydroxyl group" per ; graii'-6f "silica". 0 ^ 'Thus; - the 
reaction between the metallocene/methylaluminoxane solution with 
hydroxyl groups on the ^silica surface Us '-a -very -important step 
• .in producing .a highly ^active catalyst : ::: " '* 1 •" *' * 
30 • * "Catalyst* (C) , ; (D) ^ ~ and '(E) are^xamples • that''use either 
Davison 955 (for catalyst ~ (C) ) or PQ 988 silica (for ' catalyst 
; (D) and ■ (E) ) . ' : The silicas were "dehydrated n at ' 600°'<? "and then 
treated with trimethylaluminum to" remove all ' the* hydroxyl group 
on the silica surface, 'without the reactive hydroxyl" groups on 
35 the : surface, ail three of these catalysts* 'showed** poorer 
activity. -• : - ~ ------ — -.t-- - ..- ■< » — 

Furthermore, - catalyst ""(E) ^was "prepared ' using additional 
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toluene (2500 cm 3 ) to slurry the -silica before^drying at 60°C 
0 for 2 4 w hours . , This ^example : , illustrates . that; excess solvent 
.^during the preparation step : and. .long ^drying , time at higher 
" temperature (60° r C , rather ....than • 45 •£),.., produce a .very poor 
.,5 .catalyst. ... . Q , } x - ,, ri:: ( ; . — ; iv.-/.. ' * - 

... ' I, Table 2 ,, : shows r that . wide, : ranges ...of loadings of 
~ , methylaluminoxane .and metallocene can be used -to react with 
Davison 955 silica dehydrated at . 600 o C. : , The - loadings are 
summarized below: 
10 Per gram silica _ ^ ^ .^4^: 

mmole Al mmole Zr _ .Efllsucatifl v.,. 



^-I -0.C , ^;-i.sd-a^-'; 



~ ^ ,^1, '™ -(G) 7.0l,. v ^,.,q,pl8 o ^ ;r 6 ^400,:^ ^ 



, 15 t3XY K^ H .D°( H )c-- q:; 3 «.5-.^.rt 5, r <?.018 0 33 *5 200 ;:,\£r«.* nan? 

52X lc(I)su 3a l^-°^ia/:oc.0..070.B^.is.Ti *00**aa r.sui* 
*3Yi^o(J)2o d m^9oi C-'J .A.0.55 .^osAOOrfcJ ni 

. ,„ < j. Furthermore > „ Catalyst ~( j) x shqws } that., mult iple^step Ddry- 
.20. impregnation ..(incipient; vetness ^method) ^ of thei catalyst also 
; produces, a high activity : catalyst. v = ^ v IsJ5'; .faviziso 
:■ to , ; -w Table ^ 3 , , .shows c . ^n example wher e c bis ( tetrahydroindeny 1 ) 
zirconium .dichloride „ can , ^be r:V used q instead : v C of vri bis (n- 
^butylcyclopentadienyl) : zirconium jiichloride.. ^Other metallocene 
, 25^,. compounds -can,. also.. _be used.^ ctI p Xv-:/o"£ 



..... , Semi-Batch Gas P hase Polymerization -. 1 vx- :t /il 

a two-liter stainless steel , autoclave was, fitted; with an 
anchor-type, agitator. . It was ^cleaned and purged ^with nitrogen 
30 atVl0p o C to remove air ?ind moisture ^* 20 gram of e 955-600 . : silica, 
" " treated with 2. cmf. of trimethylaluminum : (TMA f 15 wt% £ in heptane) 
" were, blended with^^ ing : of .a .patalyst > under . nitrogen. 

:? ^The ^entire ^contentf Wjas . : . r charged ^ Int 0 ,;-*^. h^^^^y®, under 
: Z nitrogen. ^ "J 10 ,cmV^ of ^eptane .and ; 5.ci 3 - of hexene. were injected 
r '*35 : into the reactor. The reactor temperature was set .at .80 °C and 
,the reactor^ pressure a was maintained. at ^ I75^psig : j[1.20 MPa) by 
^ ' ~ l a ethylene/ Small portions of hexene were 



\ 



injected into the reactor at r gular intervals to replenish the 
amount consumed. Polymerization was stopped by j injection of 
methanol when sufficient quantity of 'the polymer was made. 
Results are shown in Table 4. ^ ' ' 

5 : ' Table : 4 C shows that these' catalysts can polymerize alpha- 
olefins°in a stirred-bed gas-phase reactor. v '" Catalyst ;(E) is 
much less "active than catalyst "(B) . ' 

Fluid Bed Gas Phase Reactor " ' 

10 These catalysts were also tested in a pilot plant fluid-bed 

reactor "(13 1 ~ inch" (0 -33m) ' ID and bed vblume~bf 4.0 ft3 (0.11 
m 3 )). Polymerizations were "carried but : typically at '77.5°C, 
with 180-255 psi (1.24 to 1.76 MPa) of ethylene, and 0.016 to 
0.021 hexene^to ethylene mole 1 ratioV' The fluidized gas velocity 
15 was 1 to 2 ft/s : (6V3 to' oUl m/s) ; "The results are summarized 
in Tabies^S^and 6. ^ c - 

i^AlIioi^these catalysts ran^weil in the fluid" ; bed : reactor. 
Although the catalyst ash varied among these formulations, good 
fluid'bed operation was observed in all cases. Fractional melt 
20 index material can be made by adding oxygen to the readtor in 
trace levels or by changing' the catalyst f brmiilatibn. 
Similarly, addition of isopentane was determined to decrease the 
melt index in this technology. The tr ef f ects "of "isopentane, 
■:. oxygen* : ahd : other impurities such ~as " carbon " dioxide , carbon 
25 - monoxide; etc.' are" ;: uniqu€r 'In" ; "this ''technology. ^ J We^ use' these 
- • " impurities-f oFiiaicing desired^ Meit "index ^products / 

The -resin sett ied : bulk 7 density in 5 a 11 cases is* between 28 
to 34 lb/ft 3 (450 to 546 kg/m 3 ) and the fines (defined as 
particle* 'smaller than 120 Mesh) level is below 5%. 
30 Table 5 shows that catalyst (A) and (B) using silica with 

reactive surface have much higher activity than catalyst (C) , 
(D) , and (E) which do not use silica with a reactive surface. 

Table 6, similar to Table 3, show the ranges of 
methyaluminoxane and metallocene loadings that can be used. 
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PRODUCT PROPERTIES . - ; ^ T5 - £ ^ayi-- ~ . b-::. :: , .'js 
1. ; Resin Characteristics... 0 

When compared to the standard r ethylenerhexene .copolymer 
- prepared with _ the ..commercial ..Ziegler catalysts, ; the resins 
5 produced herein .via _the gas . phase „ process exhibited the 
following characteristics : ( 1 ) ^ narrower molecular weight 
distribution, (2) more uniform short chain branching 
distribution, (3) lower melting .point. (4) lower extractables, 
and (5) lower haze. . . , - 

10 An example of the key resin_ characteristics of .a .1.0 12, 

0.918 density resin is shown below:_ .. _ ^ 



_ _ . _ _ I _ Z _L , r 1 j* 



„LLDPE resin jQiararteristics^^.^^..,^ L 
1.0; 12, 0.918 density,. ~ - c - 
15 Commercial ^ ^ l7r Mobilf s -5 x nx 

tooo ".sr^i^filrr^c"! ^ct: bsi:i.&v 2^1*7 so srf;t nptfori*!/: 

^20. Melting point/. ° C C. , { ., . 125 ^ vd ^ 0 a .r£*115 £ - s -j> 



^* -rt iy 3 ;'i o n o .0 - - o « " - - - ~ ? - ? -~* ^ ~ ; * ■*• - * * ~ h 

^2.,^. Endr use .property, ^rzolonxiosi 2:.^ sls*^ 

' ^ ** ^ ^-,The. LLDPE^resins ..can be, processed : readily • on ^commercial 
. equipment without. _ .modification.. .p-They^ also of f er cr superior 
25 properties .compared ..to -those resins produced ' using ^a -commercial 
Ziegler/Natta catalyst. .^An ^ex^ple^is .given 
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LLDPE Film Property Comparison 
: x 1 . 0 ■ 121 ; 0"; 918 density 
2:1 BUR, 250 lb/hr 
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Property 



Commercial 
Ziecrler 



" Mobil's 
Metallocene 



10 



15 



20 



Melt Pressure/psi(MPa) 

Bubble Stability 

MD Modulus/10 4 psi(MPa) 

Dart' brop/g " 

MD Tear/g/mii(g/ju) 

Extractables , % 

Haze, % 



5000 (34) 5500 (38) 

Very Good Very Good 

2.8 (193) 2-5 (172) 

180-450 *' " " " >800 ' J ' 
350-450 (13.8 to 17.7) 370 (14.6) 
2.5 

18 vn - : 



0.6 
5-7 



SI 



PRODUCT SCOPING 

Using catalyst formulations similar to catalyst A r we have 
done preliminary product scoping in the fluid -bed* reactor. 

Products : at* T derisitie g/cm 3 by 

"to 



' varying ! - £ c6m6nomer' % level ' (hexene^ or ^ butene) '^and^-melt^ index 
ranging v from 1 6 . 5 to ^ 250 The - ; product' 1 dan 



25 



30 



to 4 *" • 250." '* The ; product - can be " ' made at 
significantly higher or -lower melt index s (^ or 
-less" thah^oVoir r if "hece'ssary; ^this is 7 achieved" by varying the 
reactor temperature; ethylene 5 * partial 5 pressure," isopentane, 
- oxygen (or ^ carbon dioxide", i r carbon : moiioxide) and hydrogen. 
Similarly, * it 'ls" possible* to achieve lower "density than o;:915 
g/cin 3 (6 .905 g/cm 3 or lower) and higher' densities than 0.962 if 
^necessary. r: " J - " Jj ■--•-»■■ !;::jj: " co -- ;i 

The "following Examples 1A-3A are from US patent application 
-serial no : 08/036, 796; filed "'March "25 , : 19 9 iZ ' 7 " 

' The' properties of ^the polymers produced in the Examples 
""were determineS by the 'following test methods: 



35 



Density 



ASTM D-1505 '-' a plaque" is'* made" and 
conditioned for one hour at lb0°C to approach 
equilibrium' crystal 1 in ity " * Measurement for 
density '"is then 'made in "a "density gradient 
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v column; , reported as g/cm3 . 



, , Melt Index 
5 (MI), 12 



ASTM D-1238 . Condition E 

Measured at 190°C - reported as grams per 10 
minutes. 



High Load 
10 ^Melt Index 



ASTM D-1238 Condition. F. -, ; . : ; : _y; ; 
Measured at 10.5 times the , weight ..used in 
(HLMI) , s 121 the melt index. test above. . .. 



r Melt Flow 
Ratio (MFR) 



121/12 



15 ^i:IG^u3:aS3S32.- 
.s* sv ,a 'izvLzf&s at clinic! --i^J-oXiy:^':-?: ;rsvI*3ao pruaU 

c^"J s ??w 0 materials , used -a i5SiH^?4 505 g 

r,i ? 3 P^i?? n " ( KtA? 3 * o silica,-, 698^ of di Mtoylal^inpxane^ in 
20 .toluene ^solution „ (30 w wt% ..,. ? MAO) , 2 .7.148 ^ g cn of 1£3 ^bis(n- 
0 : butylcyclppjentadijenyl) , rzirccwiium .jiichloride. .f^r 53 c linpi; a 

The steps .of the catalyst .preparation are , set * forth: below: 

1.*" Dehydrate .the .,955 silica at,250?C T f or 4 c hours using 

_.n^T-:r-cc2* -~ — -~ - ■ * - ( - 

u „ r .air to .purge. ^..Then pxirge.with^ nitrogen on^ cooling. 

25 ^ ~ _ 2,., f ^Transf er the^ .silica to : a jnix- vessel. ^ v / i?s.c2 

- » ^ .3 . ..^Add . 7 . 148. g,of ; bis(n^butylc^ 

zirconium dichloride and 698 g of methylaluminoxane 

^. ^ ( „.., to .a bottle. . -r-.d^ ^ r^^-v ---.hvol loi' 

, - - ^ ^ i ^. ate the ca talyst , solution in the, bottle . until £he 

30 , ., „. metallocene .dissolves .in .the^MAO^^olution, 

5. 1 ^ Trans" fer' the. MAO, and ^metallocene., splutipi^^nt^ the 
mix-vessel containing" the dehydrated 955 silica 
slowly^ while, agitating ^the silica bed vigorously to 
^^inkke sure \that\jthe cat aiyst solution is ,#?H . 
35 dispersed into the silica bed. 

r:: : :: " *V^f Af ter^the" addition^ continue^t^ agitate the catalyst 
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7. Start drying the catalyst by purging with nitrogen 
for 5 hours' at -45°C. 

8. Sieve the catalyst to remove particles larger than 
• ' - iso micron. u ^ . . 

5 9. The v catalyst has the following analysis: 

Yield = 914 g catalyst (frbm 500 g of silica) 
" Al = io wt% ; ' 

" Zr = 0.2 wt% 

Example 2 A 

10 To produce a polymer for low density film^ 0^918 g/cm 3 , 1 

MI, 17 MFR, in a fluid bed gas phase reactor the following 
process conditions were' employed ♦ 

^Process ^Conditions: ~- ■ ------- --- -- - 

15 Fluidizatidn velocity 1.7 ft/s : (0.52'm/s) 

** ;: : -~ Residence time 2^5 "hours ! "-*-- ,J *. —~ 

j, c — »° Temperature -° 77.5 6 C j: . 

.->.-?• siC'.o Ethylene^ 180 psi c (1.24 'MPa) l ° 

Hexene 0 ^ : ~ r -?-.Z- 3{6 : psi C (24V8°KWj i ' 

20 : -- - ; - — -° Isopentane 50°psi (345" KPa) 

Carbon dioxide 1.1 ppm ^" 

Ash .»-^.-;--'- 200 to 250 ppm 

The catalyst was that 7 6f Example* "iA;"^ ' J 
"i Example" 3A ^/.-.i-:-1.7.2-:i-. ji^Olv/ILU; \j-J^..L ^~ 

25 To produce a" polymer for "cast film of 0.918 g/cm 3 density, 

2.5 MI/ 16 MFR, the * following process'^ conditions were employed: 
Fluidization velocity 1.7 ft/sec (0.52 m/s) 

Residence time 2.5 hours 
' * Temperature 77.5 °C 

30 Ethylene " : i80 "psi '"(i.24 MPa) 

"•-7 Hexene - : - *■ -A 3; L 6 l psi (24.8 KPa) 

: Isopentane y - 38 "psi (262 KPa) 

Ash 100 ppm'"" 

The catalyst was that of Example 1A. 
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n rt. 






.Table 1 , 








::v "Xi 


:.r.-r-i 


cat r ^ 


Reaction _ 


Catalyst r ... 


Zr . >5 Vl 










Cat vt 


Time Yield Activity 


Activity . . J 


Density MI 


MFR 






(g) , v 


(min) ;; (g). 


f (g/g-cat/h) 


(Kg/g^Zr/hr) 








5 


(A) 




52 ...174^ 


.... 250,0 


1470 _ P 


0.914 


1.17 


18.3 




(B) 


0.116 


65 163 


1100 


. 580 . 


0.914 


1.09 


18.1 




(C) 


0.080 


60 65 


810 




0.914 


0.75 


19.2 




(D) 


0.111 


54 44 


360 


160 


-0.915 


0.62 


19.6 




(E) 


.0.114 


.58 _11. 


80 








- 


10 






















Cat 


Reaction 


Table 
Catalyst 


2 

Zr 










Cat vt 


Time Yield Activity 


Activity..,., Density MI 


MFR 








; (min) (g) . 


(g/g-cat/h) 


(Kg/g-Zr/hr) 










(F) 


0.079 


6.p. # /_ iS l27. r 


1610 




0.913 


1.01 


18.2 




(G) 
(H) 


0.113 
.0.078 


60 -,69- 
.5? i 2 q Ui 


610 
980 




0.915 
0.912 


1.00 
0.61 


19.1 
18.4 




<^ 
(J) 


.0.073 
0.085 


6 0 , _"l31- 
.56 /207- 


1800 
2600 


1040- T 


0.916 
0.916 


1.48 

1.56j 


18.0 

j: 18.6 
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biv.:oib neurit 
















Table 3 ^ ... t 












Cat 


Reaction^ r 


^Catalyst J , ... 












Cat vt 


Time Yield Activity 


Activity 


Density MI 


MFR 




.ti n - 


fT ,(g) G 


.^(min)^ (g) : 




; . r (Kg/g-Zr/hr) 
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Claims •. ; . 

1... ,An olefin polymerization or. . copolymerization , catalyst 
5 comprising, particles, said particles . comprising silica, a 
transition metal and aluminum, wherein: . 

(a) wherein said silica is amorphous, ..porous, has a 
pore volume of 0.1 to 5 cm 3 /g and has a 

10 concentration^ ,„of ;; silanol groups . .. wherein the 

concentration of ..silanol groups, is.. at L . least 0.7 
mmole per gram of silica; 

(b) said transition metal and said aluminum being 
... .> r , , ; - provided by . a mixture rff of a metallocene. jT and £ an 

- , (c) , the total volume of ^ said, metallocene and said 

„ , alumoxane is Aess than ,or r equal to the tqta.1 pore 

0 212.0 S4 yolume, of the. ..silica .^^j zt c.O (H) 

o ■' tie.o. v.o 2.: vss i**z) " c.o ' ■ (i) os 

20 2. - e A .catalyst according^? claim,-!, c wherein ^the metaJLlocene 

" ; has^the formula, Cp m MA n B p , .wherein pp is a cyclopentadienyl or 
... a substituted cyclopentadienyl group, m is 1 or 2, M is 
zirconium or hafnium and each of A and B is selected from the 
group consisting of a halogen atom, a hydrogen atom and an alkyl 

25 group, providing that m+n+p is equal to the valence of the metal 
M. 

3. A catalyst according to claim 1, wherein the metallocene is 
bis (n-butylcyclopentadienyl) zirconium dichloride 

30 

4. A catalyst according to claim 1, wherein the metallocene is 
(tetrahydroindenyl) zirconium dichloride 

5. A catalyst according to Claim 1, wherein the metallocene is 
35 selected from the group consisting of bis (cyclopentadienyl) metal 

dihalides , bis (cyclopentadienyl) metal hydridohalides , 
bis ( cyclopentadienyl) metal mono a Iky 1 monohalides , 
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bis (cyclopentadienyl) metal" dialkyls and bis (indenyl) metal 

" : dihalidesV- " " =:i f .v . -r: zc:y-v \ \ . . 

6, A catalyst according to Claim 1, wherein the metallocene is 
5 selected' from the : group consisting of 
bis ( cyclopehtadieny 1 ) zirconium;' dichloride , 
bis(cyclopentadienyl)hafnium dichloride, 
bis (cycl o pent a die n y 1 ) z ir conium ; d i m e't hyl , 
bis ( c y c"l bp ent ad i en y 1 ) h a f n i urn" d I'm ethyl , 
10 bis (cyclopentadienyl ) zirconium hydridochloride, 
bis (cyclopentadienyl) hafnium ; hydridbchloride, Hbis(n- 
■ butylcyclbpentadienyl) zirconium £: * dichloride; - : bis(n- 
butylcyclopentadienyl) hafnium dichloride'',^ : " 7 bis (n- 
butyl cyclopentadienyl) zirconium dimethyl , bis (n- 
15 -butylcyciopenta'diehy i) tiaf hiunr : r dimethyl> ' ■ bis(n- 
-butylcyclopentadienyl) zirconium 70 - hydridochloride, 1 :: :c bis r (n- 
butylcyclopentadienyl) hafnium hydridobh'lor ide , 
bis (pentamethylcyclopentadienyl) zirconium dichloride, 
■ • bis(pentamethylcyclbpe^^ * 2 %is(n- 

20 butylcyclopentadienyl) zirconium dichloride ; ^cyclop^ 

zirconium '—trichloride,* bis"( indenyl) zirconium i ^dichloride , 
-bis (4,5,6, 7 -tetrahydrb-l- indenyl) zirconium - dichloride, and 
ethylene- [ -bl's (4 , 5 f 6 \ 7-tetrahydro-l-indenyl ) ] z irconium 
■"—dichloride. ^rjr.lz^ zr.lvz.-i ^3;"^ v^v.: :: *; 

25 ~-^z 2y:cc; \ . . :r 

: - : 7. - A' catalyst according^ to claim 1, - wherein the aluraoxane : has 
• the formula: ^ • - - j- , zr.zyz:: ir.L- . 

. V (a) R-(Al(R)-0)£-AlR 2 for oligomeric, linear 
3 0 alumoxanes? or r ^ ■'- - ;: 

■(b) (-Al(R) -O-)^ for oligomeric cyclic -alumox'ane 

8 . " A catalyst according to -Claim 1, wherein the -aluminoxane is 
methylalumbxane (MAO) . : - ' ' r: ' "'■ - * : " • ~ * - :; 

" 9. A catalyst according to claim 1, wherein' the ratio of 
aluminum to transition metal ranges from '70 to 350 : " J 



10. A catalyst according to Claim l, wherein ratio of aluminum 
to transition metal is 100 to 200. 

11. A catalyst according to claim 1, wherein said particles 
5 . have a particle, size in the range of 1 to 500 microns., 

.•12. A catalyst according to claim 1, wherein the particles have 
.a particle size in the range of 1 to 250 microns. 

10, 13. A catalyst according to Claim 1, wherein the concentration 
VVof silanol groups is greater than 0.7 and up to ; 2. 5 mmole per 
.. gram of silica . . ... ^ ■ . . - - .. . ■■ - „■ . -. s o v : '■■ ■■ ~ ~ " 



• 14 . A catalyst according to Claim 1 , wherein the ..concentration 
15^. .of silanol -groups is between 1 . 7 ■ and 1.9. mmole. .per -gram of 
h i -.P^H??! b l i b \ :. r :. i : : .:. Y " - - ' r • ~ c .: .-. v ~ i v ? ~ " 

.. . ..15. A ,process J for ..preparing a rcatalyst , according.; to claim 1, 
v ,-,., .said -process comprising:. ,-;<-'. ; •■-•a-; : •'. ' iiz ~~iv.3w.Lov;r3i. 

20... (aj .providing. s an amorphous iporoushydrated silica and 

' dehydrating . ..: said. :. ...silica at -: a x * dehydration 

..... . . .temperature ; ; of : less ; than , 300.°C - to ~ [provide a 

dehydrated silica having a silanol concentration of 
at least 0.7 mmoles per gram silica, c : 

25 (b) - providing a volume of -a mixture of said metallocene 

and said aluminoxane, and contacting said ; silica 
with said volume of said mixture, to allow 
impregnation of -the pores of said silica with said 
mixture; and :z ■ 

30 (c) recovering; an j. activated catalyst. 

16. A process according to : Claira 15, wherein said mixture is a 
solution which has a volume equal to or less than .the total pore 
volume of said silica and wherein said solution is employed, to 
35 impregate . . said silica , and .wherein , ,said . solution f urther 
" comprises a single solvent .which is . . a „ .solvent . for said 
aluminoxane. 
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17. A process according' to Claim 15, wherein, after said 
contacting, solvent is removed from pores of said silica at a 
temperature which does not exceed 100 °C. 

18. A process according to Claim 17, wherein said temperature 
at which the solvent is removed does not exceed 80 °C. 

19. A process according to Claim 17, wherein said temperature 
at which the solvent is removed is in the range of 40 to 50°C. 
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